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(Disjunctive Normal Form Boolean $\mathrm{f}\mathrm{o}\mathrm{r}\mathrm{m}\mathrm{u}\mathrm{l}\mathrm{a}:\mathrm{D}\mathrm{N}\mathrm{F}$)
$\mathrm{b}\mathrm{e}\mathrm{e}$-shellable 1
Ordered $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}ll\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$ tree-shellable
$f$ $f^{d}=\overline{f(\overline{x_{1}},\cdots,\overline{x_{\mathfrak{n}}})}$
0 1 0 1
$f^{d}$ $f$ tree-shellable $f$
$f^{d}$ DNF
Union of Product [1]
$Pr[x_{i}=1](1\leq i\leq n),$ $f(x_{1}, \cdots, x_{n})$
$Pr[f(x_{1},$ $\cdots$ , x $\ovalbox{\tt\small REJECT}$
$\mathrm{P}\mathrm{r}$
$f$ tree-shellable othogonal
$Pr[f=1]$ (DNF orthogonal 1
1 ) tree-shellable $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
ordered tree-shellable










$B=\{0,1\}_{\text{ }}n$ $[n]=\{1,2, \cdots, n\}$ $[0]=\emptyset$
$n$ $f$ : $B^{f*}arrow B$ $x_{1},$ $x_{2},$ $\cdots,x_{\mathfrak{n}}$ $f$ $\overline{x_{1}.}(i\in[n])$ $x.\cdot$
$\pi$ $[n]$ $\pi(i)$ $\pi$ : $\pi$ $\epsilon$ $t$ $s\prec_{\pi}t$
$\mathrm{m}\dot{\infty}(S)$ $\max_{\pi}(S)$
$\bullet$ $h\in S$ $i\in S\backslash h$ $h\prec_{\pi}|$
.
$\mathrm{m}\dot{\infty}$ (S)=h
$\bullet$ $h\in S$ $:\in S\backslash h$ $i\prec_{\pi}h$ $\max_{\pi}$ (\mbox{\boldmath $\delta$})=h
$I.,I\iota$ $[n]$ $\pi(:)$ $[n]$ . $i\in[n]$ $I_{l}\cap\{\pi(1), \cdots, \pi(i-1)\}$
$I_{t}\cap\{\pi(1), \cdots,\pi(:-1)\}_{\text{ }}\pi(:)\in I_{\iota\text{ }}\pi(i)\not\in I_{t\text{ }}I$ . $\prec\iota I_{t}$ $\pi$ $\mathrm{A}\mathrm{a}$ $\mathrm{A}\mathrm{a}$
$I$ $|I|$
2.2
$f(x_{1}, \cdots,x_{n})$ $g(\mathrm{x})=1$ $\mathrm{x}\in\{0,1\}^{n}$ $f(\mathrm{x})=1$
$f\geq g$
$I\subseteq[n]$
$. \cdot\bigvee_{I}X:\epsilon\leq f$ $. \cdot\bigvee_{I}x:\epsilon$
$f$ $j\in I$
$\vee$ $\not\leq f$ $f$
$:\epsilon I-\{j\rangle$
$f=\vee m(\wedge x.\cdot\wedge\overline{x_{\dot{f}}})$ (Disjunctive Nomml Form Boolean fommla :
$k=1:\epsilon I_{k}$ $i\epsilon J_{k}$
DNF) $k=1,$ $\cdots,m$ $I_{k},$ $J_{k}\subseteq[n]_{\text{ }}I_{k}\cap J_{k}=\emptyset$ $T_{k}=\wedge x:\wedge\overline{x_{j}}:\epsilon I_{k}j\in J_{k}$
$f$
$T_{k},$ $T_{l}(k\neq l)$ $(I_{k}\cap J_{l})\cup(I_{l}\cap J_{k})\neq\emptyset$ DNF Othogoml DNF(0DNF) $\mathrm{A}\mathrm{a}$
$f$ ODNF 1 1 $I_{k}\subseteq[n]$
$f=\vee m\wedge x$: (Poeitive DNF:PDNF)
$k=1\cdot.\epsilon\iota_{k}$ .
$T_{k},T_{l}(k\neq l)$ $I_{k}\subseteq I_{l}$ PDNF DNF(redundant PDNF)
$T_{k},T_{l}(k\neq l)$ $I_{k}\subseteq I\iota$ PDNF PDNF(inedudant PDNF)
PDV
2.3
(Binary Deciesion Tree :BDT) BDT
0 1 $\text{ }-\mathrm{b}$
.
$la\mathrm{M}=(v)$ $v$ 2




1 1 1 $P$
$P$ $k$ $x$: 1 (0 ) x:( $\overline{x_{i}}$)
84
$P$ $k$ $\tilde{x}_{1}$. $P$ $\tilde{x}\dot{.}\in P$ $\tilde{x}\dot{.}$ $x$: $\overline{x\dot{.}}$
1
$v$ 0 1 $v$
BDT redeced BDT BDT redeced BDT






BDT $T$ $k$ 1 $P_{1},$ $\cdots,$ $P_{k}$ $I_{k}=\{i|x:\in P_{k}\},$ $J_{k}=\{i|\overline{x.\cdot}\in P_{k}\}$
$T$ $f=\vee m(\wedge x:\wedge\overline{xj})$
$k=1:\epsilon I_{k}$ $\dot{.}\in J_{k}$
3 $\mathrm{b}\mathrm{e}\mathrm{e}$-Shellable
3.1 Tree-Shellable
1. [4] $f$ \dagger PDV
$f=\vee\wedge x:k=1:\in I_{k}m$
$f$ BDT $T$ $m$ 1 $P_{1},$ $\cdots$ , $P_{m}$ $f\mathrm{F}\mathrm{h}$
$\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
1 $i\in I_{k}\Leftrightarrow x.\cdot\in P_{k}$ 1 $P_{k}$ 1 $P_{k}$ $I_{k}$
1 1 $P_{\epsilon},$ $P_{t}$ $P_{\epsilon},$ $P_{t}$ $v$
$v$ $P_{l}$ 1 $P_{t}$ 0 $x$:
$v$ $I_{\theta}\Lambda J_{t}\neq\emptyset$
$f=k=1-\in I_{k}’ j\in J_{k}\vee(\wedge x:\wedge\overline{x_{j}})m$ ODNF
2 1 $P_{t}$
$P_{\partial}$ $P_{1}$ $P_{\epsilon}$ 1 BDT 1
BDT 1 BDT
1. [4] $f=\vee\wedge x_{i}k=1:\in I_{k}m$ tree-shellable BDT $T$ $f$ $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{U}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
$P_{k}$ $\overline{x.\cdot}\in P_{k}$ $i$ $I_{l}\subset I_{k}\cup\{i\}$ $I_{l}$
1 PDNF tree-shellable
$x\dot{.}$ 1 2 $f|_{x}:=0,$ $f|_{x:=1}$







$f$ $\pi$ OBDT $T$ $m$ 1 $P_{1},$ $\cdots,$ $P_{m}$
$f$ $\pi$ ordered tree-shelable $\pi$ $f$
ordered tree-shellable
2. [4] $f\dagger\mathrm{h}_{\text{ }}\pi$ ordered $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
$\pi(:)\not\in I_{k},\pi(i)\prec_{\pi}\max(I_{k})$ $T_{k}$ $i$ 1 2
1. $(I_{k}\cup\{\pi(i)\})\cap\{\pi(1), \cdots,\pi(i)\}=I_{l}\cap\{\pi(1), \cdots, \pi(i)\}$ $I_{l}$




$k=1:\in I_{k}\vee\wedge x:m$ quadratic Quadretic $G=(V, E)$
$V=[n],$ $I_{k}=\{i,j\}$ $k$
$(i,j)\in E$ $V’\subseteq V$ $G$ $G’=(V’, E’)$
$V’\subseteq V,$ $E’=\{(\dot{\iota},j)|:,j\in V’, (i,j)\in E\}$
$V’$ $|V’|$ induced
4 induced triaogulated b.angurated










4. [4]Tree-shellable quadratic ordered $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
1. Quadmtic $f_{q}$ odeltd toee-shellable
$O(mn^{2})$ $tr\mathrm{e}e-\epsilon hellable$ 4 $O(mn^{2})$
4.2
quadratic 3 $K$ 1 $f$ tree-shellable
$f|\mathrm{h}_{\text{ }}f=f_{q}+K$ Tree-shellable
$K$ 1 $P_{K}$
1. Quadratic $f_{q}$ tree-8heUab1e $f_{q}$ trae-sheUable $f$ 1
$\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{h}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
86
2. $f_{q}$ $K$ $A$ $x_{a}(\in A)$ $B$
$A=\emptyset$ $f$ tree-sheUable
3. $A$ cosimplicial x $f$ tree-shellable
4^
4. $B$ cosimplicial $x_{b}$ $x\iota$ $x_{b}$
cosimplicial 3
$B$ cosimplicial $f$ tree-sheUable
1 quadratic $f_{q}$ $G$ cotriaogulated
2 $A,$ $B$ 3 3,4 cosimplicial




5. Quadratic $f_{q}$ $\mathrm{t}\mathrm{r}\mathrm{e}\not\in \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$ $f$ $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright \mathrm{s}\mathrm{h}\mathrm{e}\mathrm{U}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$
, $f_{q}$ BDT $T$ Quadratic $f_{q}$ tree-sheUable
$f_{q}$ $I_{h}$ $I_{h}$ 1 $P_{h}(1\leq h\leq m)$ $P_{k_{1}},$ $\cdots,$ $P_{k_{t}}$
$x_{i}$ 1 1 $I_{h}$ $\mathrm{i}$ 1
$I_{k_{p}}(1\leq p\leq t)\subset I_{h}\cup$ $K$ 1 $P_{K}$ 1
$K=I_{h}\cup\{i\}$ $K\supset I_{h}$
$f$ tree-shellable
6. $f_{q}$ $K$ $f\dagger\mathrm{h}$ tree-sheUable
. $f$ BDT $T$ 2
1.K=x x\beta x\gamma 1 $P_{K}$
$P_{l}$ $P_{K}$ 1 $v$ $P_{l}$ $P_{K}$ $v$ $P\iota$ $v$ 1
$P_{K}$ $v$ 0 $I_{l}$ $K$ $I_{l}\subset K\cup\{i\}$
$f$ tree-sheUable
$2.K=xxx\alpha\beta\gamma$
$I_{l}$ $f_{q}$ $I\iota$ 1 $P\iota$ x
$f_{q}$ $I_{l}$ 4 $I\subseteq I\iota\cup\{\alpha\}$ $I$
$x_{\alpha}$ $K$ $f_{q}$ $K$
$I$ $f_{q}$ $I_{l}$ $\alpha$ $\mathrm{A}\mathrm{a}_{\mathrm{o}}$ $f$ la tree-shellable
$\vee \mathrm{C}7t\mathrm{V}^{\mathrm{a}_{\mathrm{o}}}$ $\square$
3. $f$ BDT $T$ $K$ 1 $P_{K}$ $P_{K}$ 1
$v$
7. BDT $T$ $f$ tree-sheUable BDT $T$ $\text{ }$
cosimplicial $B$





$A,B$ $C$ $x_{\mathrm{c}}\in c$ $A$
$x_{\mathrm{c}}$
$K$ $x_{\mathrm{c}}$ $I_{c}$ 1
$I_{e}\subset K\cup\{\mathrm{c}\}$ $f$ tree-shellable
2. $B$ coeimplicial
coeimplicial $x_{b}\in B$ $x_{b}$
$K$ $\text{ }-$ b. $x_{b}$ $I_{b}$ 1 $I_{b}\subset K\cup\{b\}$
$K$ 1 $P_{K}$ quadratic $f_{q}$ $x_{b}$




$x_{b}\in B$ $I_{b}$ $K$ $K$ 1
$I_{b}\subset K\cup\{b\}$ $A$ $\text{ }-$ b. coeimplicial $K$ 1
$P_{d}$ $x_{a}$ 1 $f1\mathrm{h}$ tree-sheUable
1 $O(mn^{2})$ 2 $O(m)$ 3,4
$O(n)$ cosimpUcial $O(mn^{3})$ $O(mn^{3})$
5
quadratic $f_{q}$ 3 $J_{1}$ 1 $f$
quadratic 3 1
ordered tree-shellable 2 tree-sheUable
ordered $\mathrm{t}\mathrm{r}\mathrm{e}\triangleright\epsilon \mathrm{h}\mathrm{e}\mathrm{U}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$ 3,4 ordered trae-sheUable
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